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INTRODUCTION 


Constant  current  sensitivity  data,  for  ambient  temperature 
conditions,  are  available  for  M6  Electric  Blasting  Caps, 

(Figure  1)  as  detailed  in  Reference  1.  To  further  cha-acterize 
the  sensitivity  of  this  blasting  cap,  it  was  decided  to  conduct 
Bruceton  constant  current  sensitivity  tests  at  a  low  temperature 
(-40°F) . 

Usually,  in  work  of  this  type,  the  item  is  removed  from 
the  conditioning  apparatus  and  placed  in  a  firing  chamber  for 
functioning.  Because  the  item  under  test  may  warm  between  the 
time  it  is  removed  from  the  conditioning  box  and  fired,  a  study 
was  initiated  to  ascertain  if  such  a  procedure  provides  valid 
low  temperature  information.  This  study  resulted  in  the 
development  of  a  modified  test  procedure  --  the  caps  were  insulated 
using  "styrofoam"  to  prevent  their  warming  significantly  prior 
to  fire  --  to  insure  that  reliable  low  tempera t  ire  data  would  be 
obtained. 

This  report  summarizes  the  results  of  the  investigation 
and  reports  the  low  temperature  (-40°F)  sensitivity  characteristics 
of  the  M6  Blasting  Cap.  Lot  1,  manufactured  by  Company  A, 
was  used. 
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SUMMARY 

Five  Bruceton  constant  current  staircase  sensitivity  tests 
were  performed  at  -40°F  on  M6  Electric  Blasting  Caps  using 
pulse  times  of  0.001,  0.010,  0.100,  1.000  arid  10.000  seconds. 

A  technique,  which  utilized  insulated  caps  to  guarantee 
maintenance  of  low  temperature  after  the  caps  were  removed 
from  the  conditioning  box  for  firing,  was  employed  in  these 
tests  (Table  1) . 

Further  sensitivity  tests  were  conducted  on  Lot  1  at 
ambient  temperature  and  at  low  temperatures  in  accordance  with 
the  low  temperature  test  procedures  outlined  in  MIL-S-45428A  -- 
no  insulation  is  used  to  protect  the  caps  from  warming  rapidly, 
once  removed  from  the  conditioning  chamber.  A  summary  of 
these  results  is  in  Table  2.  Certain  results  from  Table  1 
are  included  for  comparison  purposes. 

The  current  estimates  in  the  two  low  temperature  tests 
appear  to  differ  appreciably. 

The  most  significant  result  in  Test  3  —  testing  under 
dynamic  conditions  the  items  warmed  rapidly  --  was  the  very 
small  spread  in  high  and  low  fire  probability  levels  compared 
to  the  spread  for  the  ether  two  tests  (testing  under  stable 
conditions,  either  no  or  only  slight  temperature  change). 

This  result  is  the  antithesis  of  what  was  expected. 
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CONCLUSIONS 

Low  temperature  tests  conducted  in  accordance  with  the 
procedures  outlined  in  such  military  specifications  as 
MIL-S-45428A  are  inadequate  for  the  proper  evaluation 
of  electroexplosive  devices  (EEDs). 

Low  temperature  testing  of  initiators  can  be  properly 
accomplished  if  the  items  are  functioned  in  the  low  temperature 
atmosphere  or  adequately  insulated  so  that  the  test  temperature 
can  be  maintained  if  they  are  removed  from  the  conditioning 
chamber  prior  to  test. 


RECOMMENDATIONS 

Low  temperature  testing  of  initiators  should  be  effected 
in  the  low  temperature  conditioning  atmosphere  or,  if  this 
is  not  possible,  the  initiators  should  be  properly  insulated 
so  that  test  temperature  can  be  maintained  if  the  EEDs  are 
removed  from  the  conditioning  apparatus  prior  to  test. 

Low  temperature  test  procedures  outlined  in  military 
specifications  pertaining  to  EEDs  should  be  revised  in  such  a 
manner  so  as  to  specify  that  the  items  be  tested  while  maintained 
at  the  conditioning  temperature. 
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STUDY 


M6  Blasting  Caps,  taken  from  Lot  1  manufactured  by 
Company  A,  were  subjected  to  constant  current  staircase  tests 
at  -40“F,  using  five  different  pulse  times  --  0.001,  0.010, 

0.100,  1.000  and  10.000  seconds.  The  test  results  are 
summarized  in  Table  3;  detailed  results  are  in  Tables  4-8. 

It  can  be  seen  from  Table  3  that  as  the  pulse  width  was 
lengthened  (that  is,  as  the  pulse  time  increased),  the 
necessary  firing  current  decreased  --  in  all  but  one  case. 

This  was  at  the  10-second  pulse  at  99.9%  reliability,  which 
was  higher  than  the  corresponding  value  for  the  1- second  and 
0.1-second  pulse.  Apparently,  this  result  is  not  unusual 
although  the  phenomenon  is,  as  evidenced  by  similar  reports  on 
findings  pertaining  to  sensitivity  of  initiators , by  The 
Franklin  Institute  Laboratories  and  Picatinny  Arsenal  (Reference 
1) .  No  satisfactory  explanation  is  available  for  this 
occurrence  and  no  attempt  at  theorizing  will  be  made. 

The  standard  deviation  is  usually  indicative  of  lot 
uniformity.  The  smaller  the  standard  deviation  or  spread,  the 
more  uniform  the  lot.  It  may  be  noted  that  the  value  shown 
for  the  10-second  pulse  time  (0.04073  log  ms.)  is  large. 

However,  this  is  not  unusual.  Long  pulse  times  permit  functioning 
of  a  given  item  over  a  wide  range  of  time  for  the  same  input 
current.  For  example,  M6  Caps  ware  actuated  afc  285  ma  inasmuch 
as  2,366  msecs  and  as  little  as  234  msecs  (Table  8) .  This 
creates  inconsistencies  and  large  standard  deviations.  The 
Bruceton  tests  were  accomplished  employing  the  Franklin  Institute 
Laboratory  Universal  Puiser  (PILOT).  The  PILOT  is  capable  of 
providing  a  predetermined  quantity  of  currant  for  s.  specified 
time  (the  pulse  width) . 

Further  information  pertaining  to  the  Bruceton  method  is 
in  Reference  2. 

To  facilitate  fuze  design,  two  graphs  (Figure  2  and  3)  were 
prepared  so  that  the  relationship  between  current  energy  and  time 
at  -40°F  for  the  K6  Gap  may  be  more  readily  determined.  Figure 
2  shows  the  relationship  between  the  0.1%,  507.  and  99.9%  firing 
currents  and  pulse  time.  The  0.1%  and  99.9 %  firing  levels  ware 
calculated  at  90%  confidence.  The  relationship  between  the 
firing  energy  for  99.974  reliability  at  907,  confidence  and  time 
of  application  of  this  energy  Is  plotted  in  graph  form  (Figure  3) . 
The  equation  employed  for  calculating  the  required  energy  for  a 
given  firing  probability  was: 

n 

W  =  X"  Rt 


© 


''I"  equals  the  current  at  the  99.9%  fire  with  907=.  confidence. 

"R"  equals  resistance  (assumed  to  be  about  1.7  ohms  which 
was  a  relatively  high  value  for  the  M6  Gaps  tested 

"t"  equals  time  of  pulse  duration. 

These  curves,  based  on  data  obtained  at  -40a7,  have  nearly 
the  same  shape  as  those  shown  in  Picatinny  Arsenal  Technical 
Report  104  (for  data  obtained  at  ambient  temperature) . 

Sometimes  EEDs  which  pass  low  temperature  performance  tests, 
conducted  in  accordance  with  military  specifications,  fail  when 
used  under  field  conditions.  The  procedure  commonly  used  for 
testing  the  M6  Cap  at  low  temperature  permits  testing  of 
conditioned  items  in  an  ambient  temperature  atmosphere.  This 
means  that  the  caps  may  actually  be  fired  at  other  than  the 
specified  low  temperatures.  To  determine  the  suitability  cf 
such  methods,  an  investigation  into  low  temperature  test 
procedures  was  conducted.  Since  Mb  Caps  are  relatively  fcrisant, 
firing  within  expensive  conditioning  apparatus  is  undesirable 
or  precluded  altogether.  However,  it  was  still  essential  to 
simulate  the  test  temperature  as  nearly  as  possible  so  that 
meaningful  data  could  be  obtained.  To  accomplish  this,  the 
blasting  caps  were  contained  in  lxlx4-inchas  styrofoam 
insulation.  This  insulating  material  was  chosen  ca  toe  basis  of 
an  investigation  performed  before  the  sensitivity  test  program. 

A  brief  description  is  given  below. 

Several  thermocouples  were  calibrated  in  the  following 
manner:  They  were  placed  in  a  conditioning  chamber  maintained 

at  -65°F  for  16  hours.  Then  the  thermocouples  were  connected 
to  a  Brush  Recorder  and  the  voltage  at  -61 CF  obtained.  The 
temperature  in  the  chamber  was  lowered  and  the  equilibrium 
voltage  recorded.  This  technique  was  continued  until  sufficient 
data  was  obtained  so  that  a  graph  could  be  plotted  relating 
EMF  to  temperature.  This  procedure  was  repeated  on  each 
thermocouple.  Figure  A  shows  the  relationship  bat wean  EMF  and 
temperature  for  one  thermocouple. 

The  blasting  caps  contained  in  styrofoam  insulation  were 
conditioned  at  -40°F  for  16  hours,  removed  individually  and 
allowed  to  warn*  to  ambient  temperature.  By  means  of  the  calibrated 
thermocouples,  the  relationship  between  warm." up  time  and 
temperature  was  determined.  Figure  5  shows  one  of  the  typical 
curves.  This  graph  shows  that  the  caps  experience  only  a  slight 
temperature  rise  during  the  two  minute  water. -up  interval  after 
removal  from,  the  conditioning  chamber.  The  temperature  increase. 


per  unit  tine  for  the  first  two  minutes  after  removal  was 
0.016  per  second.  Consequently,  it  was  concluded  that  near 
conditioning  temperatures  could  he  maintained  if  the  insulated 
caps  were  fired  rapidly  --  preferably  in  less  than  two  minutes 
after  removal  from  the  conditioning  chamber.  Further  tests  were 
conducted  on  M6  Caps,  taken  from  Lot  1  at  ambient  temperature 
and  also  at  low  temperatures  by  following  the  low  temperature 
test  procedures  outlined  in  MIL-S-45428A  as  applied  to  the 
M6  Cap.  The  test  results  are  reported  in  Table  9  and  10. 
Examination  of  these  tables  and  Table  2  reveal  that  the  current 
estimated  to  obtain  a  99.9 %  firing  reliability  at  9d% confidence 
level  as  well  as  for  the  50%  firing  point  is  higher  at  cold 
temperatures  (-40°F)  than  at  ambient  temperatures.  This  data  also 
shows  that  the  current  values  estimated  for  the  0.1%  firing 
point  at  the  90%  confidence  level  did  not  differ  at  these  two 
temperature  conditions.  The  value  for  the  mean  cr  50%  firring 
points  lay  somewhere  between  the  corresponding  values  obtained 
in  the  other  two  tests.  Furthermore,  the  estimated  current 
for  the  0.1%  fire  at  90%  confidence  was  higher  in  this  test 
(Test  3)  than  the  corresponding  values  calculated  from  the  data 
in  Test  1  and  2.  It  should  be  noted  also,  that  the  calculated 
current  for  the  99.9%  fire  at  90%  confidence  was  lower  in  Test  3 
than  the  corresponding  valv.es  obtained  in  Test  1  and  2.  Observe 
also  that  the  current  range  between  the  99.9%  point  and  0.1% 
point  at  the  90%  confidence  level  is  narrow  or  the  standard 
deviation  for  this  test  is  smaller  than  that  in  either  of  the  other 
two.  Test  3  was  conducted  while  the  caps  were  in  the  process  of 
warming  toward  ambient  temperature.  It  could  be  that  this 
■unstable  condition  (brought  about  by  rapid  warming  which  possibly 
led  to  physical  or  transitional  changes  in  the  explosive  charges 
and  to  thermal  expansions  and  contractions  which  in  tern  could 
have  produced  thermal  stresses)  was  responsible  for  the  unusual 
data  in  Test  3. 


Statistically,  it  can  be  shown  that  there  is  a  significant 
difference  between  the  mean  obtained  i:i  the  test  performed  at 
-40°F  and  that  obtained  in  the  test  conducted  in  accordance  with 
the  low  temperature  test  methods  described  in  bd,-S-4f428A.  A 
statistical  comparison  of  these  means  at  the  1%  and  5%  significance 
levels  is  in  Appendix  0. 

Care  should  be  taken  in  conducting  initiator  sensitivity  and 
output  tests  at  extreme  temperatures,  to  insure  that  the  initiator 
is  maintained  at  the  desired  test  temperature.  Certain  insulating 
materials  are  adequate  for  this  purpose.  It  may  even  be  more 
desirable  to  build  barricades  into  conditioning  equipment  so  that 
testing  in  the  chamber  may  be  effected. 
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TABLE  1 

SUMMARY  OF  CONSTANT  CURRENT  SENSITIVITY  TESTS  CONDUCTED 
AT  -40° F  ON  THE  M6  ELECTRIC  BLASTING  CAP  * 


Pulse 

Time 

(sec) 

50 7.  Firing 
Reliability 
(ma) 

907.  Confidence  Level 

99.97.  Firing 
Reliability 
(ma) 

0.17.  Firing 
Reliability 
(ma) 

0.001 

1,530 

1,950 

1,210 

0.010 

575 

753 

438 

0.100 

331 

372 

294 

1.000 

281 

244 

308 

10.000 

273 

410 

158 

*  The  M6  Caps  were  taken  from  Company  A,  Lot  1. 


The  caps  were  insulated  to  insure  maintenance  of  the  low 
temperature  during  the  warm-up  period  between  the  time 
they  were  removed  from  the  conditioning  apparatus  and 
functioned . 
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TABLE  2 


SUMMARY  OF  BRUCETON  CONSTANT  CURRENT  SENSITIVITY 
TESTS  CONDUCTED  ON  THE  M6  BLASTING  CAP,  LOT  I 
(0. 01— Sec  Pulse) 


— 

Reliability 

7 

9  /o 

Confidence 

Level 

99.9 

0.1 

50% 

Test 

(ma) 

(ma) 

(ma) 

1  (A . T . ) * 

6  27 

438 

524 

2  (-40°F)** 

753 

438 

575 

3  (-40°F  Spec)*** 

597 

491 

542 

*  A.  T.  -  ambient  temperature  (78°F) 

**  The  M6  Caps  were  insulated,  using  l"xl"x4"  styrofoam 

to  insure  maintenance  of  low  temperatures  when  fired  in 
ambient  temperature  atmosphere. 

***  The  test  was  conducted  in  accordance  with  the  low  temperature 
test  procedures  outlined  in  MIL-S-45428A  using  the  maximum 
warm-up  time  of  two  minutes  before  fire.  These  caps  were 
not  insulated. 
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TABLE  3 


SUMMARY  OF  CALCULATED  TESTS  OF  FIVE  BRUCETON  CONSTANT 
CURRENT  SENSITIVITY  TESTS  CONDUCTED  AT  -40°F  ON  M6 
BLASTING  CAPS  FROM  COMPANY  A,  LOT  1 


Mean  or 

50%  Firing  Point 

90%  Confidence  Level 

9 

Reli 

9.9% 

ability 

0.] 

Reliabi 

.%  St 

-litv  De\ 

.andard  Time  Energy 
riation  Level 

ma  log  ma 

ma 

log  ma  . 

ma 

033ESK1 

0.001 

1,530  3.18469 

.,950 

3.29003 

1,210 

3.08279 

0.02235 

0.0046 

0.010 

575  2.75926 

753 

2.87689 

438 

2.64163 

0.02567 

0.0085 

0.100 

331  2.51930 

372 

2.56997 

294 

2.46863 

0.01003 

0.0208 

1.000 

281  2.44799 

322 

2.50794 

244 

2.38804 

0.01488 

0.1556 

10.000 

273  2.43539 

419 

2.62252 

158 

2.19846 

0.04073 

2.6340 

The  caps  were  insulated  to  insure  maintenance  of  the  low  temperature 
during  the  warm-up  period  between  the  time  they  were  removed  from 
the  conditioning  apparatus  and  functioned. 
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APPENDIX  B 


FIGURES 


NOTE:  *Fai lures  were  destroyed  at  2  amps. 

Line  R  -  0.08  ohm 

Log  Interval  >0.02  log  amp 

The  caps  were  Insulated  to  insure  maintenance  of  the  low  temperature  during 
the  warm-up  period  between  the  time  they  were  removed  from  the  conditioning 
apparatus  and  functioned. 
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TABLE  5 


RESULTS  OF  CONSTANT  CURRENT  STAIRCASE  SENSITIVITY  TEST 
ON 

MS  ELECTRIC  BLASTING  CAPS  AT  -40’F,  LOT  1  PROM 
COMPANY  A 

(O.Ol— Second  Pulse) 


Itea 

Resistance 

_ Cohn) _ 

Functioning 

Time 

_ o°»«o _ 

Firing 

Current 

_  -  (M) 

Functioning  Tlaa 
at  Destruct  Current 
(nsec)* 

■■ 

■  9 

646 

603 

563 

10.02 

9.87 

603 

5 

1  563 

9.87 

6 

1  9.88 

603 

7 

!  563 

9.87 

8 

603 

9.88 

9 

11.50 

646 

.... 

10 

1.62 

9.89 

603 

.... 

11 

1.57 

.... 

563 

9.88 

12 

1.55 

10.66 

603 

1  .... 

13 

1.54 

.... 

563 

9.88 

14 

1.56 

9.87 

603 

.... 

15 

1.54 

9.87 

563 

.... 

16 

1.58 

9.89 

525 

.... 

17 

1.58 

.... 

490 

9.87 

18 

1.55 

.... 

525 

9.88 

19 

1.55 

.... 

563 

9.88 

20 

1.53 

9.88 

603 

.... 

21 

1.54 

.... 

563 

9.88 

22 

1.52 

.... 

603 

9.89 

23 

1.50 

9.88 

646 

.... 

26 

1.53 

9.87 

603 

.... 

25 

1.57 

.... 

563 

9.90 

26 

1.56 

9.90 

603 

.... 

27 

1.67 

9.88 

563 

.... 

28 

1.63 

.... 

525 

9.89 

29 

1.58 

9.89 

563 

....  1 

30 

1.46 

.... 

525 

9.89 

31 

1.56 

.... 

563 

9.89 

32 

1.54 

9.89 

603 

.... 

33 

1.49 

.... 

563 

9.89 

34 

1.55 

9.88 

603 

.... 

35 

1.64 

.... 

563 

9.89  | 

36 

1.59 

.... 

603 

9.90 

37 

1.50 

9.88 

646 

.... 

38 

1.46 

9.88 

603  I 

.... 

39 

1.54 

10.37 

563 

.... 

40 

1.51 

— 

525 

9.89 

41 

1.60  ! 

9.88 

563 

.... 

42 

1.54 

— 

525 

9.88 

43 

1.57 

— 

563 

9.89 

44 

1.59 

10.09 

525 

.... 

45 

1.55 

.... 

563 

9.88 

46 

1.61 

9.87 

603 

.... 

47 

1.53 

.... 

563 

10.68 

48 

1.52 

9.88 

603 

.... 

49  j 

1.56 

9.87 

563 

.... 

50 

1.54 

— 

525 

9.87 

Firs  (X) 
No-Fire  (( 


X 

0 

X 

0 

0 

X 

0 

X 

0 

X 

X 

0 


*  Failures  vara  destroyed  at  1  asp. 

Lina  R  -  0.06  okm 

Log  Interval  ■  0.03  log  aa 

The  cape  ware  Insulated  to  Insure  Maintenance  of  the  low  teener  a  cure  during  the  wera-up 
period  betvmen  the  tlaa  they  wre  reaoved  froa  the  conditioning  apparatus  and  functioned 
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TABLE  6 


RESULTS  OP  CONSTANT  CURRENT  STAIRCASE  SENSITIVITY  TEST 
ON 

MS  ELECTRIC  BLASTING  CAPS  AT  -40*F,  LOT  1  FROM 
COW  ANY  A 
(0.1- Second  Puls*) 


Item 

Resistance 

_ (a tel _ 

Functioning 

Time 

_ false) _ 

Firing 

Current 

c««) 

Functioning  Time 
at  Destruct  Current 
(m».c)* 

Fir.  (X) 
No-Fir.  (0) 

■■  < 

328 

7.71 

0 

340 

6.90 

0 

352 

— 

X 

rHT*- "" H 

l\ ^ "" l 

340 

.... 

X 

5 

55.77 

328 

.... 

X 

■T!H  ; 

■ 

317 

7.52 

0 

7 

1.47 

328 

7.89 

0 

8 

1.61 

90.29 

340 

— 

X 

9 

1.59 

87.49 

328 

— 

X 

10 

1.56 

317 

8.29 

0 

11 

1.54 

90.23 

328 

.... 

X 

12 

1.57 

317 

8.73 

0 

13 

1.56 

100.52 

328 

.... 

X 

14 

1.55 

317 

7.18 

0 

15 

1.56 

328 

8.14 

0 

16 

1.58 

88.37 

340 

.... 

X 

17 

1.56 

328 

7.85 

0 

18 

1.64 

73.37 

340 

.... 

X 

19 

1.61 

92.00 

328 

.... 

X 

20 

1.51 

317 

8.57 

0 

21 

1.53 

328 

7.49 

0 

22 

1.64 

63.82 

340 

.... 

X 

23 

1.57 

328 

7.81 

0 

24 

1.58 

90.44 

340 

.... 

X 

25 

1.58 

328 

6.25 

0 

26 

1.62 

95.95 

340 

.... 

X 

27 

1.55 

328 

7.88 

0 

28 

1.52 

97.54 

340 

.... 

X 

29 

1.59 

328 

7.25 

0 

30 

1.57 

340 

7.42 

0 

31 

1.51 

67.92 

352 

— 

X 

32 

1.55 

78.86 

340 

.... 

X 

33 

1.57 

88.33 

328 

.... 

X 

34 

1.45 

317 

7.21 

0 

35 

1.55 

328 

6.10 

0 

36 

1.64 

00 

o 

340 

.... 

X 

37 

1.54 

328 

7.09 

0 

38 

1.60 

102.33 

340 

— 

X 

39 

1.52 

105.71 

328 

— 

X 

40 

1.61 

317 

7.20 

0 

41 

1.53 

101.45 

328 

.... 

X 

42 

1.48  | 

317 

6.91 

0 

43 

1.52  | 

91.21 

328 

.... 

X 

44 

1.56 

317 

7.32 

0 

45 

1.50 

328 

7.20 

0 

46 

1.57 

109.80 

340 

.... 

X 

*  Failures  were  destroyed  st  1  amp 
Line  R  -  0.08  ohm 
Log  Interval  -  0.01S  log  aa 

The  ceps  were  insulated  to  Insure  Maintenance  of  the  low  temperature  during  the  warm-up 
period  between  the  time  they  were  removed  from  the  conditioning  apparatus  and  functioned 
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TABLE  7 


RESULTS  OF  CONSTANT  CURRENT  STAIRCASE  SENSITIVITY  TEST 
ON 

H6  ELECTRIC  BLASTING  CAPS  AT  -40’F,  LOT  1  FROM 
COMPANY  A 
(1*  Second  Pulse) 


Itam 

Resistance 

(ohm) 

Functioning 

Time 

(msec) 

Firing 

Current 

(ma) 

Functioning  Time 
at  Destruct  Current 
(msec)* 

Fire  (X) 
No-Fire  (0) 

1.53 

257 

8.56 

0 

1.55 

266 

9.93 

0 

1.56 

276 

6.98 

0 

1.48 

1,225 

285 

.... 

X 

5 

1.57 

747 

276 

.... 

X 

6 

1.48 

266 

11.13 

0 

7 

1.55 

540 

276 

.... 

X 

8 

1.55 

266 

10.52 

0 

1.52 

662 

276 

X 

■71 

1.54 

266 

7.93 

0 

mtU 

1.51 

583 

276 

X 

1.51 

266 

7.76 

0 

MtU 

1.51 

276 

8.19 

0 

1.57 

285 

7.70 

0 

SfH 

1.49 

301 

295 

X 

BrH 

1.46 

309 

285 

X 

1.42 

— 

276 

8.54 

0 

Bfl 

1.55 

460 

285 

X 

.... 

276 

9.58 

0 

20 

922 

285 

X 

21 

Hr  *  |^^H 

— 

276 

7.21 

0 

22 

1.44 

877 

285 

X 

23 

1.51 

.... 

276 

8.41 

0 

24 

1.49 

.... 

285 

8.59 

0 

25 

347 

295 

X 

26 

522 

285 

X 

27 

Hr  i  >  ^B 

754 

276 

X 

28 

1.60 

... 

266 

7.47 

0 

29 

1.48 

536 

276 

X 

30 

1.50 

266 

8.25 

0 

31 

1.56 

575 

276 

X 

32 

1.54 

... 

266 

7.88 

0 

33 

1.52 

... 

276 

9.68 

0 

34 

1.54 

538 

285 

X 

35 

1.53 

... 

276 

9.36 

0 

36 

1.42 

. — 

285 

7.75 

0 

37 

1.46 

528 

295 

X 

38 

1.41 

— 

285 

8.98 

0 

39 

1.50 

730 

295 

X 

40 

1.45 

555 

285 

X 

41 

1.58 

— 

276 

8.39 

0 

42 

1.49 

— 

285 

8.24 

0 

43 

1.43 

521 

295 

X 

44 

1.42 

— 

285 

9.01  1 

0 

45 

1.62 

293 

295 

X 

46 

1.57 

547 

285 

X 

47 

1.53 

—  - 

276 

7.94 

0 

48 

1.51 

— 

285 

8.61 

0 

49 

1.57 

400 

295 

— 

X 

50 

1.54 

634 

285 

X 

I 


*  Failures  were  destroyed  at  1  amp 
Lite  R  ■  0.08  ohm 
Log  Interval  ■  0.015  log  na 

The  caps  were  Insulated  to  Insure  maintenance  of  the  low  temperature  during  the  warm-up  between 
the  time  they  were  removed  from  the  conditioning  apparatus  and  functioned. 
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TABLE  8 


RESULTS  OF  CONSTANT  CURRENT  STAIRCASE  SENSITIVITY  TEST 
ON 

M6  ELECTRIC  BLASTING  CAPS  AT  -40*F,  LOT  I  FROM 
COMPANY  A 
(10-Second  Pulse) 


Resistance 


Functioning 

Time 


Firing  Functioning  Time 
Current  at  De struct  Current 


Fire  0 


[  Item 

(ohm) 

(msec) 

(nuO 

(msec) 

1.53 

748 

266 

_ 

1.59 

1  257 

8.89 

1.55 

266 

7.91 

1.52 

276 

7.36 

5 

1.50 

654 

285 

— 

6 

1.41 

276 

7.92 

7 

1.55 

1  2,366 

285 

— 

8 

1.54 

411 

276 

— 

9 

1.50 

266 

8.06 

10 

1.53 

276 

Lost 

11 

1.50 

258 

285 

— 

12 

1.59 

708 

276 

— 

13 

1.43 

266 

7.41 

14 

1.56 

276 

9.82 

15 

1.52 

555 

285 

-- - - 

16 

1.50 

276 

9.90 

17 

1.57 

836 

285 

— 

18 

1.54 

276 

7.60 

19 

1.47 

646 

285 

.... 

20 

1.47 

276 

8.68 

21 

1.48 

781 

285 

.... 

22 

1.55 

276 

7.71 

23 

1.59 

234 

285 

— 

24 

1.50 

798 

276 

— 

25 

1.40 

266 

7.40 

26 

1.68 

276 

6.98 

27 

1.53 

1,510 

285 

.... 

28 

1.51 

1.594 

276 

.... 

29 

1.48 

----- 

266 

8.80 

30 

1.56 

276 

8.24 

31 

1.50 

285 

7.76 

32 

1.65 

549 

295 

.... 

33 

1.45 

285 

7.15 

34 

1.51 

493 

295 

— 

35 

1.48 

642 

285 

.... 

36 

1.48 

276 

8.77 

37 

1.53 

437 

285 

— 

38 

1.54  1 

439 

276 

— 

39 

1.59  | 

266 

6.89 

40 

1.51 

1,116 

276 

— 

41 

1.58 

266 

8.27 

42 

1.53 

871 

276 

— 

43  j 

1.56 

266 

7.77 

44 

1.51 

276 

7.73 

45 

1.64 

641 

285 

46 

1.56 

423 

276 

47 

1.57  | 

346 

266 

— 

48 

1.53 

257 

8.32 

49 

1.47 

266 

7.63 

50 

1.66 

396 

276 

* 


No-Fire  < 


X 

0 

0 

0 

X 

0 

X 

X 

0 

0 

X 

X 

0 

0 

X 

0 

X 

0 

X 

0 

X 

0 

X 

X 

0 

0 


0 

0 

0 

X 

0 

X 

X 

0 

X 

X 

0 

X 

0 

X 

0 

0 

X 

X 

X 

0 

0 

X 


*  Failures  were  destroyed  at  1  amp. 

Lina  R  -  0.08  ohm 

Log  Interval  -  0.015  log  ma 

The  caps  were  insulated  to  Insure  maintenance  of  the  low  temperature  during  the 
warm-up  period  between  the  time  they  were  removed  from  the  conditioning  apparatus  and 
functioned.  -IS- 
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TABLE  9 


RESULTS  OF  CONSTANT  CURRENT  STAIRCASE  SENSITIVITY  TEST 
AT  AMBIENT  TKU’ERATURE,  ON  M6  ELECTRIC  BLASTING  CAP 
FROM  LOT  1,  COMPANY  A 
(0.010-Second  Pulse) 


Item 

Resistance 
_ (ohms) _ 

Functioning 

Time 

(msec) 

Firing 
Current 
(■>  rap) 

Functioning  Time 
at  Destruct  Current 

(msec)* 

Mfr; 

11.65 

603 

.... 

15.90 

563 

---- 

15.25 

525 

.... 

!  ■ 

17.30 

490 

.... 

5 

458 

6.73 

6 

Hi  T* i 

490 

6.21 

7 

1.61 

525 

6.12 

8 

1.65 

563 

.... 

9 

1.63 

525 

6.00 

10 

li  t  1  ■ 

563 

.... 

11 

ml  ■  ■ 

525 

5.18 

12 

12.62 

563 

.... 

13 

14.84 

525 

.... 

14 

490 

6.59 

15 

525 

6.69 

16 

1.64 

14.18 

563 

.... 

17 

1.64 

14.34 

525 

.... 

18 

1.70 

490 

6.48 

19 

1.63 

16.69 

525 

.... 

20 

1.63 

490 

5.71 

21 

1.62 

525 

5.61 

22 

1.60 

13.62 

563 

.... 

23 

1.66 

525 

5.47 

24 

1.58 

12.36 

563 

.... 

25 

1.67 

525 

9.32 

26 

1.60 

13.15 

563 

.... 

27 

1.60 

525 

6.66 

28 

1.70 

13.64 

563 

.... 

29 

1.56 

13.30 

525 

.... 

30 

1.60 

490 

6.96 

31 

1.62 

15.43 

525 

.... 

32 

1.60 

990 

6.61 

33 

1.63 

17.59 

525 

.... 

34 

1.58 

490 

6.32 

35 

1.62 

13.90 

525 

.... 

36 

1.55 

- - 

490 

6.31 

37 

1.60 

525 

6.33 

38 

1.66 

12.19 

563 

.... 

39 

1.67 

15.22 

525 

.... 

40 

1.66 

490 

6.26 

41 

1.62 

525 

6.54 

42 

1.60 

15.08 

563 

.... 

43 

1.63 

525 

5.57 

44 

1.61 

17.06 

563 

.... 

45 

1.60 

14.14 

525 

46 

1.69  ! 

490 

5.73 

47 

1.60 

15.14 

525 

— 

48 

1.59  ! 

490 

6.03 

49 

1.58 

525 

6.39 

50 

1.56  S 

14.22 

563 

— 

51 

1.68  | 

17.97 

525 

Failures  were  destroyed  at 
Lina  R  *  0.08  o*» 

Log  Interval  ■  0.03  log  mai 


16. 


RESULTS  OF  CONSTANT  CURRENT  STAIRCASE  SENSITIVITY  TEST  IN 
ACCORDANCE  WITH  THE  LOU  TEMPERATURE  TEST  PROCEDURES 
OUTLINED  IN  MIL-S-45428A  ON  THE  M6  ELECTRIC  BLASTING  CAP 
FROM  LOT  1,  COMPANY  A 


(0.0 10- Second  Pulse) 


Item 

Resistance 

(ohms) 

Functioning 

Time 

(msec) 

Firing 

Current 

(mamp) 

Functioning  Time 
at  Destruct  Current 
(msec)* 

Mr v 

1.62 

514 

7.73 

1.52 

525 

8.19 

1.62 

538 

7.21 

1.53 

16.98 

550 

— 

5 

1.56 

15.79 

538 

— 

6 

1.62 

525 

8.37 

7 

1.59 

538 

7.61 

8 

1.61 

16.56 

550 

— 

9 

1.64 

14.99 

538 

.... 

10 

1.54 

525 

7.13 

11 

1.62 

538 

7.00 

12 

1.55 

550 

7.43 

13 

1.58 

13.68 

568 

.... 

14 

1.61 

550 

6.93 

15 

1.63 

14.31 

563 

.... 

16 

1.66 

15.90 

550 

.... 

17 

1.59 

15.32 

563 

.... 

18 

1.70 

550 

9.06 

19 

1.60 

14.51 

538 

.... 

20 

1.57 

525 

6.42 

21 

1.73 

15.28 

538 

.... 

22 

1.57 

525 

9.48 

23 

1.62 

538 

8.01 

24 

1.62 

15.09 

550 

.... 

25 

1.55 

538 

7.47 

26 

1.57 

18.06 

550 

.... 

27 

1.59 

538 

8.71 

28 

1.55 

— 

550 

7.07 

29 

1.59 

13.99 

563 

.... 

30 

1.59 

15.91 

550 

.... 

31 

1.56 

538 

6.81 

32 

1.62 

14.26 

550 

.... 

33 

1.62 

12.96 

538 

.... 

34 

1.52 

525 

7.53 

35 

1.49 

538 

6.20 

36 

1.64 

13.80 

550 

.... 

37 

1.57 

538 

7.63 

38 

1.67 

13.94 

550 

.... 

39 

1.59 

15.10 

538 

.... 

40 

1.53 

525 

7.81 

41 

1.57 

538 

6.71 

42 

1.56 

16.44 

550 

.... 

43 

1.51 

538 

7.31 

44 

1.49 

550 

7.47 

45 

1.57 

13.53 

563 

.... 

46 

1.58 

550 

6.59 

47 

1.53 

15.09 

563 

.... 

48 

1.78 

13.06 

550 

.... 

49 

1.51 

15.61 

538 

.... 

50 

1.54 

525 

6.94 

51 

1.67 

13.49 

538 

*  Failures  were  destroyed  st  1  amp. 
Line  R  ■  0.08  ohm 
Log  Interval  ■  0.03  Log  many 


The  caps  were  conditioned  for  16  hours  at  -40*F  prior  to  removal  from  the  cold  chamber 
allowed  to  warm  at  ambient  temperature  for  two  minutes  before  actuation. 
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APPENDIX  C 


CALCULATIONS 


I.  BRUCETON  CONSTANT  CURRENT  SENSITIVITY  TESTS  ON  THE 
M6  ELECTRIC  BLASTING  CAP 


A.  Test  Conducted  at  -40*F 

1.  Calculation  of  the  Kean  (m)  or  50%  Firing  Reliability: 


Where  R) ■  mean  in  log  units 


c  =  lowest  normalized  firing  current  (log  units) 
d  -  step  size  in  log  units 

N^=  total  number  of  fires  or  no-fires  (use  the 
smaller  of  the  two  values) 

number  of  fires  or  no-fires  (whichever  occurs  in 
fewer  numbers)  at  a  given  current  level 

i  =  current  level;  0,  1,  2,  3,  ..... 


a.  0. 1)1)1- Second  Pulse 


log  amp 

amp 

i 

Js 

Ja_ 

ifo 

iZfo 

0.14435 

1.39 

0 

0 

2 

0 

0 

0.16435 

1.46 

1 

3 

9 

9 

9 

0.18435 

1.53 

2 

10 

10 

20 

40 

0.20435 

1.61 

3 

11 

3 

0 

27 

0.22435 

1.68 

4 

3 

0 

0 

0 

Nx  =  27 
N0  =  24 

Zl*o  "  38 

^2fo  =  76 

m  =  0.14435  +  0.02  x  38  +  ^ 
m  =  0.186016  log  amp»vl.53  amp 
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log 


2.69051 

2.72051 

2.75051 

2.78051 

2.81051 


log  ma 

2.50137 

2.51637 

2.53137 

2.54637 


b.  0.010-Second  Pulse 


ifr 


490 

525 

563 

603 

646 


0 

1 

2 

3 

4 


0 

1 

6 

15 

4 


1 

6 

14 

3 

0 


N.. 


26 

24 


ifo  =  43 


fQ  -  89 


m 


2.69051  +  0.03 
m  =  2.75926  log  ma • 
c. 


(-k<43) + 0 


574.5  ma 


0.100-Second  Pulse 


ma 


317 

328 

340 

352 


0 

1 

2 

3 


fo 

9 

12 

2 


0 

9 

12 

2 


Nx  =  23 
N0  -  23 
ifQ 
i2f. 


39 


75 


2.50137  +  0.015  ^3-  x  39  -  ^ 


m  =  2.51930  log  ma 


330.6  ma 


0 

6 

28 

9 

0 


0 

9 

24 

6 


i2*o 


0 

6 

56 

27 

0 


0 

9 

48 

18 
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The  symbols  have  the  same  meaning  as  for  estimating  m. 

a.  0.001-Second  Pulse 


M  =  0.6608 

b .  0.010-Second  Puls e 


M  =  0.50 

c.  0.100- Second  Pulse 


M  =  0.386 

d.  1.000-Second  Pulse 

M  -  -HSL  .  2 

24  \  24  / 

M  =  0.583 

e.  10.000-Second  Pulse 


M  =  1.65 
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Determination  of  Constant  S 


Values  of  S  are  posted  in  Table  I  of  the  Princeton 
Report  (Page  51)  and  correspond  to  the  value  of  M  calculated  above. 
Interpolation  of  values  may  have  been  necessary  but  will  not  be  shown. 


Pulse  Time 


(sec) 

S 

0.001 

1.118 

0.010 

0.856 

0.100 

0.669 

1.000 

0.992 

10.000 

2.715 

4. 


Calculation  of  the  Standard  Deviation 


(Tm 


<Tm  =  dS 
Where: 

Cm  =  standard  deviation  in  log  units 

Both  d  and  S  have  the  same  meanings  as  before 

a.  0.001-Second  Pulse 


Cm  =  0.02  x  1.118 
C;,  =  0.02235  log  amp 

b.  0.010- Second  Pulse 

Cm  =  0.03  x  0.856 
*=  0.025668  log  ma 

c.  0.100-Second  Pulse 

(J^  =  0.015  x  0.669 
Cm  =  0.01003  log  ma 

d.  1.000-Second  Pulse 

(J“m  =  0.015  x  0.992 
Cm  =  0.01488  log  ma 

e.  10.000- Second  Pulse 

Cl  =  0.015  x  2.715 

-  0.04073  log  ma 
-27- 


5.  Determination  of  the  Constants  G  and  H 


Values  of  G  are  obtained  from  Graph  IV  and  H  from  Grave  IV 
of  the  Princeton  Report  (Pages  56  and  57).  Interpolation  of  values 
may  have  been  necessary  but  will  not  be  shown. 


Pulse  Time 
(sec) 

G 

H 

0.001 

0.99 

1.43 

0.010 

1.01 

1.33 

0.100 

1.05 

1.27 

1.000 

1.00 

1.38 

10.000 

0.93 

1.96 

6.  Calculation  of  Standard  Error. 


=  Cg.,1 

UP  N  M 


where:  0^o  is  the  standard  error  in  log  units 

K  is  a  constant  for  the  desired 
reliability  (3.090  for  99.97. 
reliability) 

The  other  values  are  as  described  above 
0.001-Second  Pulse 


0T=  0.02235  ^  (0.99) 2  +  (3.0903 2  (1.425)^ 

P  Np4 


0£=  0.02061  log  amp 


b.  0.010-Second  Pulse 


(T-  0.02567  >|(1. 
f>  - 

0.02218  log  ma 


01)2  +  (3.090) 2  (1.33) 2 
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0.100- Second  Pulse 


for 


( T*»  0.01003  \|(1.05)2  X  (3.090) 2  (1.27) 2 


\|23 


C £=  0.01137  log  ma 


d.  1.000- Second  Pulse 


(£=  0.01488  \|(1.00)2  +  (3.090) 2  (1.38)2 

^  \p4 

0q=  0.01330  log  ma 


e.  10. 000- Second  Pulse 


OP  0.04073  NlO.92532  +  (3.090)  2  (1.96)  2 


-/0=  sJS 

(^=  0.05  log  ma 

7 .  Calculation  of  the  99.97,  and  0.17.  Firing  Reliability 
i  507.  Confidence  Level  (F99.9/50  and  F0.1/50) 

F  99.9/50  =  M  + 

F  0.1/50  -  M  -  K 

Where:  C—  n  a  t  are  in  log  units 

r  22f2J^yo 

^  (n,  k  and  Om  have  been  defined  above 


a.  0.001- Second  Pulse 

F99.9/50  =  0.18602  +  3.090  (0.02235) 
F99.9/50  =  0.25508  log  amp 
FO. 1/50  =  0.18602  -  3.090  (0.02235) 
F0.1/50  =  0.11694  log  amp 
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b.  0.010-Second  Pulse 

F99.9/50  -  2.75926  +  3.090  (0.02567) 
F99.9/50  -  2.83858  log  ma 
F0.1/50  =  2.75926  -3.090  (0.02567) 

F0.1/50  -  2.67994  log  ma 

c.  0.100- Second  Pulse 

F99.9/50  =  2.51930  +  3.090  (0.01003) 
F99.9/50  =  2.55029  log  ma 
FO. 1/50  =  2.51930  -  3.090  (0.01003) 

FO. 1/50  =  2.48831  log  ma 

d.  1.000- Second  Pulse 

F99.9.50  -  2.44799  +  3.090  (0.01488) 
F99.9/50  -  2.49397  log  ma 
F0.1/50  -  2.44799  -  3.090  (0.01488) 

FO. 1/50  «  2.40201  log  ma 

e.  10.000- Second  Pulse 

F99.9/50  =  2.41049  +  3.090  (0.04072) 
F99.9/50  =  2.53632  log  ma 
FO. 1/50  =  2.41049  -  3.090  (0.04072) 

F0. 1/50  =  2.28466  log  ma 
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8.  Calculation  of  the  99.97.  and  0.17.  Firing  Reliability  for 
a  907.  Confidence  Level  (F99.9/90  and  F0.1/90) 

/Ni  +1.2 

F99.9/90  =  F99.9/50  +  K  \  Ni 

/Ni  +  1  •  2  V 

F0.1/90  =  F0. 1/50  -  K  \  Ni  J 

Where:  F99.9/90  and  F0.1/90  are  in  log  units 

K  is  a  constant  for  the  desired  confidence 
(1.645  for  90%  confidence) 

All  other  values  are  as  defined  above 

a.  0.001- Second  Pulse 

/ 24  +  1. 2\ 

F99.9/90  =  0.25508  +  1.645  \  24  )  0.02061 


F99.9/90  “  0.29068  log  amp  1.95  amp 

/24  +  1.2\ 

FO. 1/90  =  0.11694  -  1.645  \  24  J  0.02061 


F99.9/90  =  0.29068  log  amp  1.95  amp 

/ 24  +  1.2 \ 

FO. 1/90  =  0.11694  -  1.645  ^  24  )  0.02061 


F0.1/90  =  0.08134  log  amp  1.21  amp 

b.  0.010-Second  Pulse 

/24  +  1.2\ 

F99.9/90  =  2.83858  +  1.645  \  2\  )  0.02218 


F99.9/90  =  2.83858  log  ma  753  ma 

/24  +  1 . 2  \ 

F0. 1/90  =  2.67994  -  1.645  l  24  /  0.02218 


F0.1/90  =  2.64163  log  ma/\/  438  ma 
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c. 


0.100 -Second  Pulse 


f 23  +  1.2  \ 

F99.9/90  -  2.55029  +  1.645^  23  ^0.01137 

F99.9/90  «  2.56997  log  ma  372  ma 

/  23  +  1.2\ 

F0.1/90  =  2.48831  -  1.645^  23  J  0.01137 

F99.9/90  =  2.56997  log  ma^  372  ma 

/23  +  1.2  \ 

F0.1/90  =  2.48831  -  1.645  ^  23  J  0.01137 

F0.1/90  =  2.46863  log  ma  294  ma 


d.  1.000-Second  Pulse 


/24  +  1.2  \ 

F99.9/90  -  2.49397  +  1.645  l  24  JO. 

F99.9/90  -  2.50794  log  ma  ^  322  ma 

f  24  +  1 . 2  \ 

F0.1/90  «  2.40201  -  1.645  l  24  JO. 


01330 


01330 


F0.1/90  =  2.38804  log  ma  ✓'v*'  2^-  ma 


e.  10.000- Second  Pulse 


F99.9/90 

=  2.53632 

+  1.645 

/  25  +  1.2\ 

^  25  J  0.05 

F99.9/90 

=  2.62252 

log  ma 

410  ma 

F0. 1/90 

=  2.28466 

-  1.645 

e 

+  1 . 2\ 

25  J  0.05 

F0.1/90 

=  2.19846 

log  ma 

158  ma 
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B.  Test  Conducted  at  Ambient  Temperature 

1.  Calculation  of  the  Mean  (m)  or  50%  Firing  Reliability 
(0.01  Second  Pulse') 


log  ma 

ma 

i 

fo 

fx 

i  % 

2.66055 

458 

0 

1 

0 

0 

0 

2.69051 

490 

1 

11 

1 

n 

11 

2.72051 

525 

2 

12 

12 

24 

48 

2.75051 

563 

3 

0 

13 

0 

0 

Nx 

=  26 

No 

=  24 

o  =  35 

fe  =  39 

m  =  2.66055  +  0.03  V24 
m  =  2.71930  log  ma/V  524  ma 


(l_  x  35  +  0.s\ 
).03  l  24  J 


2.  Calculation  of  M 


=  0.3316 


3 .  Determination  of  Constant  S 

See  Page  of  the  Princeton  Report 

S  =  0.5749 

4.  Calculation  of  the  Standard  Deviation.  0"* m. 

0m  =  0.03  x  0.575  =  0.01725  log  ma 

5.  Determination  of  the  Constants  G  and  H 


See  Pages  S6  and  ^7  of  the  Princeton  Report 
G  =  1.11 
H  =  1.29 
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6 


.  Calculation  of  the  Standard  Error,  p 


<£=  0.01725^ 
tfr  0.01415  log  ma 


l.ll)2  +  (3.09) 2  (1.29)  2 


7.  Calculation  of  the  99.9%  and  0.17.  Firing  Reliabilit 


for  a  50%  Confidence  Level 


F  99.0/50  =  2.71930  +  3.090  (0.01725) 

■  2.77260  log  ma 

F  0.1/50  =  2.71930  -  3.090  (0.01725) 

=  2.66600  log  ma 

8.  Calculation  of  the  99.9%  and  0.1%  Firing  Reliabilities 
for  a  90%  Confidence  Level  (F99.9/90  and  F0.1/90) 


/24  +  1.2  \ 

+  1.645  V  24  /  °* 


F99.9/90  -  2.77260  +  1.645  ^  24 

=  2.79704  log  ma  ✓'V'  625  ma 


/24  +  1.2\ 

-  1.645  \  24  JO. 


FO. 1/90  =  2.66600  -  1.645  ^  24  t 

=  2.64162  log  ma  ^  438  ma 


01415 


01415 


C.  Test  Conducted  at  Low  Temperature  in  Accordance  with  MIL-S-45428A 
.  Calculation  of  the  Mean  (m)  or  50%  Firing  Reliabilit 


log  ma 


2'72QS/  525 

2  730^/  538 

2. 740&  550 

2-  7&OSZ  563 


ma 

i 

fo 

fx 

ifo 

i2fo 

525 

0 

9 

0 

0 

0 

538 

1 

11 

9 

11 

11 

550 

2 

5 

11 

10 

20 

563 

3 

0 

5 

0 

0 

Nx  =  25 


N0  *  25 


=  21 

2}2fo  =  31 

m  =  2.72051  +  0.01 


^  1  x  21  +  0.5^ 


m  =  2.73391  log  ma 

2.  Calculation  of  M 

31  (21  f 

M  =  25  -  \25/  =  0.53440 

3.  Determination  of  Constant  S 

See  Page  s /  of  the  Princeton  Report 
S  =  0.93153 

4.  Calculation  of  the  Standard  Deviation,  Q*  m 
(Tm  =  0.01  x  0.932 

0m  =  0.00932  log  ma 

5.  Determination  of  the  Constants  G  and  H 

See  Pages  and^T^7of  the  Princeton  Report 

G  =  1.013 


H  =  1.36 

Calculation  of  the  Standard  Error.  Ob 


0.00932 
Cjrf  =  0.01082  log  ma 


013) 2  +  (3.09) 2  (1.36) 2 
25 
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I.  Calculation  of  the  99.9%  and  0.17.  Firing  Reliability 
for  a  507.  Confidence  Level  (F99.9/50  and  F0.1/50) 

F 99.9/50  «■  2.73391  +  3.090  (0.00932) 

=  2.76269  log  ma 

F0.1/50  =  2.73391  -  3.090  (0.00932) 


=  2.70513  log  tna 


8.  Calculation  of  the  99.9%  and  0.1%  Firing  Reliability 
for  a  507.  Confidence  Level  (F99.9/90  and  F0.1/90) 

/25  +  1 . 2\ 

F99.9/90  =  2.76269  +  1.645  ^  25  )  0.01082 


“  2.69125  log  ma  491  ma 
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II.  REQUIRED  ENERGY  (W)  FOR  A  99.9%  FIRING  RELIABILITY 
AT  A  90%  CONFIDENCE  LEVEL  FOR  THE  M6  ELECTRIC 
BLASTING  CAP  AT  -40#F 

W  -  I2  Rt 

where:  W  =  energy  in  mwatt-sec 

I  =  current  F99.9/90  in  amps 
R  “  assumed  bridge  resistance  of  1.7  ohms 
t  =  pulse  time  in  msec 

a.  0.001~Second  Pulse 

W  ■  (1.95) 2  x  1.7  x  0.001 
W  =  6.46  mwatt  secs 

b.  0.010-Second  Pulse 

W  *=  (0.753) 2  x  1.7  x  0.010 
W  =  0.64  mwatt- secs 

c.  0.100- Second  Pulse 

W  =  (0.372) 2  x  1.7  x  0.100 
W  =  23.5  mwatt- secs 

d.  1.000-Second  Pulse 

W  -  (0.322) 2  x  1.7  x  1 
W  =  176.3  mwatt-secs 

e.  10.000-Second  Pulse 

W  =  (0.419) 2  x  1.7  x  10 
W  =  2,985  mwatt-secs 
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III.  COMPARISON  OF  THE  MEANS  OBTAINED  FOR  THE  M6  BLASTING  CAP 
AT  -40*F  (INSULATED  CAPS)  AND  IN  ACCORDANCE  WITH  THE  LOW 
TEMPERATURE  TEST  PROCEDURES  OUTLINED  IN  MIL-S-45428A 


a.  17.  Significance  Level 


Om  G 

W~ 


where  (T<t  is  the  standard  error  of  the 
estimated  mean. 

0*m,  G  and  N  have  the  same  definitions 
given  above 


0.025668  x  1.01 


=*2H  r 
^  CM  &/ 

■ 

0$  =  0.005292  log  ma 
f7)i  «  2.75926  log  ma 


2.  Low  Temperature  Test  as  per  MIL-S-45428A 
rr  O/Mz  G)2.  0.00932  x  1.013 

°®k- 

Ooi  =  0.001927  log  ma 
/7}z  =  2.73391  log  ma 
/?7l  -fjji  =  2.75926  -  2.  73391 
£±/7)  -  0.02535  log  ma 

If  A/7J>  (2.58)  N  0o~2  2 

then/fl^  is  significantly  different  than/y2-  Since, 

/24  +  2.9  V  I - 

0.02535  >■  (2.58)  \  24  y\|(0 . 005292)  2  +  (O.OC 


0.02535  >  (2.58)  \  24  y\J(0. 005292) 2  +  (0.001927)2 

or  0.02535  0.016286,  then  and  M2  are 


significantly  different 
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0.005292  log  ma 


5%  Significance  Level 
1.  -40°F 

0~  (Set  Gi 

uv-  W 

=2.75926  log  ma 
Low  Temperature  Test  as  per  MIL-S-45428A 

dcr,  =  Gx  =  0.001927  log  ma 

'CyT 

/Jf-2  =  2.73391  log  ma 
Am  =Mx  -mi  =  0.02535  log  ma 

If  ^>(1.96)f--F'-^)->|^+ 

then  m^  is  significantly  different  than  nij. 

/24  +  2.2\  | - - - 7 

Since,  0.025352>(1.96)^  24  /M  (0.005292)  ^  +  (0.001927)  z 

or  0.02535  „>  0.01205,  then  m^  and  m2  are 

significantly  different 
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